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Abstract. Neutron-induced reactions are studied at the neutron time-of-flight facility n_TOF at CERN. The facility uses 
6~ns wide pulses of 20 GeV/c protons impinging on a lead spallation target. The large neutron energy range and the high 
instantaneous neutron flux combined with high resolution are among the key characteristics of the facility. After a first 
phase of data taking during the period 2001-2004, the facility has been refurbished with an upgraded spallation target 
and cooling system for a second phase of data taking which started in 2009. Since 2010, the experimental area at 185 m 
where the neutron beam arrives, has been modified into a worksector of type A, allowing the extension of the physics 
program to include neutron-induced reactions on radioactive isotopes. 
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INTRODUCTION 
The neutron time-of-flight facility n_TOF at CERN 
provides a pulsed neutron beam of high intensity, with 
neutron energies ranging from the meV to the GeV 
range. Neutron induced nuclear reactions are studied 
in this energy range, mainly neutron capture and 
neutron-induced fission reactions. Neutron-induced 
nuclear reactions play an important role in several 
research fields. In nuclear structure studies the neutron 
may serve as probe of excited nuclei revealing 
separate highly excited levels just above the neutron 
binding energy, which allows to derive an important 
calibration point in level densities [1,2]. In 
astrophysics the formation of the vast majority of all 
known nuclei with masses heavier than iron are 
formed in stellar environments mainly through slow 
and rapid neutron capture processes. Neutron-nucleus 
reaction data are an essential ingredient to calculate 
production rates in stellar nucleo-synthesis and refine 
the understanding of stellar evolution processes [3,4]. 
Finally neutron-induced reactions, or nuclear data in 
general, play a key role in the safety and criticality 
assessment of nuclear technology, not only for existing 
power reactors but also for radiation dosimetry, the 
transmutation of nuclear waste, alternative reactor fuel 
cycles, or future reactors like Generation IV [5,6]. 
Efforts concerning nuclear data have been ongoing 
since the early 50’s and are growing since a decade or 
so, related to the renewed interest in new power 
reactors, and concern both reaction modeling and 
evaluation activities as well as nuclear data 
measurements and facilities. In this perspective the 
construction and commissioning of the neutron time-
of-flight facility at CERN, Switzerland, after an initial 
proposal of Rubbia [7], was finished in 2001 when the 
facility became operational [8]. After a first phase of 
data taking from 2001-2004, the facility was obliged to 
stop for a refurbishment of the spallation target. Since 
the end of 2008 the facility has resumed operation and 
a new program of measurements was launched in 
2009. Since 2010 the facility’s experimental area, 
located at 185 m from the neutron production target, 
has been modified in order to comply with 
radioprotection regulations into what is called a 
worksector of type A, allowing the use of radioactive 
samples in the neutron beam. 
THE NEUTRON TIME-OF-FLIGHT 
FACILITY N_TOF AT CERN 
The facility uses a 6 ns wide, 20 GeV/c proton 
beam with up to 7 x 1012 protons per pulse, impinging 
on a lead spallation target, and yielding about 300 
neutrons per incident proton. The time between proton 
pulses is an integer multiple of 1.2 seconds which 
allows to cover the neutron energy range down to 
subthermal energies without overlapping of slow 
neutrons in subsequent cycles. A water layer 
surrounding the upgraded spallation target serves as a 
coolant. This layer is 1 cm thick on the side of the 
neutron beam guide. An additional layer of 4 cm of 548
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water, separated from the cooling circuit, is placed in 
front of the cooling layer and acts as a moderator. The 
moderator can be optionally changed to a different 
material. In 2010 we have used for example water with 
a saturated, thus constant, 10B-solution in order to 
reduce the number of 2.23 MeV gamma rays from 
hydrogen capture which otherwise constitutes an 
important contribution to the background due to in-
beam gamma rays. This influences the energy 
distribution of the neutron flux only noticeably below 
1 eV. The spallation target was a block of 80x80x60 
cm3 in the first phase, and was replaced by a 
cylindrical lead target of 40 cm diameter and 60 cm 
length for the second phase. A schematic view of the 
new spallation target is shown in figure 1. In addition a 
new ventilation system was installed and a new target 
cooling circuit was developed. This allows among 
others to monitor and control the temperature, oxygen 
content and conductivity of the water. 
From the lead spallation target, an evacuated 
neutron beam tube leads to the experimental area 
located at 185 m from the spallation target. A 1.5 T 
sweeping magnet is placed at a distance of 145 m to 
remove residual charged particles from the neutron 
beam. A 3 m thick off-beam iron shielding was placed 
just after the magnet to remove negative muons. A 
first collimator with an inner diameter of 11 cm is 
placed at 135 m while a second collimator with a
 
 
 
FIGURE 1.  A schematic view of the upgraded lead spallation target as installed for the n_TOF facility. 
 
variable diameter of either 1.8 or 8 cm is situated at 
175 m from the production target. This collimation 
results in a Gaussian beam profile in the experimental 
area at 185 m. The neutron beam line has been 
extended for an additional 12 m beyond the 
experimental area to minimize the background from 
back-scattered neutrons. For the 1.8 cm second 
collimator the Gaussian profile was simulated and 
measured and has a standard deviation of 0.77 cm. At 
present the facility is mainly used for capture and 
fission measurements. A full description of the 
characteristics and performances of the facility is 
described elsewhere [9]. The neutron beam 
characteristics in terms of energy distribution of the 
neutron flux and the energy resolution have been 
accurately determined by a combination of simulations 
and measurements. 
DETECTORS AND EQUIPMENT 
For the capture measurements two different 
detector systems are being used. In-house developed 
deuterated benzene C6D6–based gamma-ray detectors 
contained in a cylindrical low mass carbon fibre 
housing [10] are used as total energy detectors. In 
addition a total absortion calorimeter consisting of a 549
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4π array with 40 BaF2 crystals is also used for capture 
measurements [11]. 
Fission experiments have been performed with two 
different detector systems in the first phase. Two 
fission ionization chambers (FIC) used deposits of 
fissile isotopes on 100 µm thick aluminum foils [12]. 
The second type of fission detector is based on parallel 
plate avalanche counters (PPACs) [13], developed 
with target deposits on 1.5 µm thin mylar or 2 µm 
thick aluminium foils, allowing to detect the two 
fission fragments in coincidence. This detector will be 
used also in phase II. A third type of fission detector, 
based on the MicroMegas principle, is currently being 
developed [14]. 
The energy distribution of the relative incident 
neutron flux is continuously measured during the 
experiments with an neutron flux monitor SiMon [15], 
consisting of a 6Li deposit on a mylar foil and 4 off-
beam silicon detectors recording the particles from the 
standard 6Li(n,3H)α cross section. An additional 
transparent in-beam flux detector has been developed 
to overcome difficult angular distribution corrections 
needed above 1 keV for the SiMon detector. The new 
gaseous detector is based on standard cross sections 
like 235U(n,f) and 10B(n,α)6Li and combines thin 
deposits with 25 µm thin MicroMegas-based detectors. 
 
 
 
FIGURE 2.  An example of a beam image obtained with the 
XY-MicroMegas detector, representing the spatial image of 
the neutron beam intensity. Images can be reconstructed as a 
function of the neutron time-of-flight.  
 
In a dedicated experiment the spatial beam profile 
has been measured with two different devices. We 
have used a Medipix detector [16] with LiF and 
polyethylene converters to measure the distribution of 
the neutrons across the beam area. We also used a two 
dimensional MicroMegas-based detector with 106 x 
106 perpendicular  strips on a 6 x 6 cm2 active area to 
determine the beam profile with a resolution of about 
0.5 x 0.5 mm2 [17]. In figure 2 the image of the beam, 
which can be obtained as a function of time-of-flight, 
is shown as an example and in figure 3 a typical 
reaction chamber containing MicroMegas detectors is 
shown. 
The data acquisition system [18] is based on 
Acqiris flash ADCs with 8 or 16 Mb memory, 8 bit or 
10 bit amplitude resolution, and a minimum sampling 
interval of 1 ns. For each detector its full signal is 
recorded, starting from time the incident protons create 
the neutrons up to 8 or 16 ms, allowing to go in energy 
down to the thermal region. After zero suppression the 
detector signals for each event are transferred for 
permanent storage to CERN’s data storage facility 
CASTOR. With dedicated pulse shape analysis 
routines the time-of-flight and signal amplitude is 
extracted from the signals of each detector event and 
recorded for further analysis.  
MEASUREMENTS 
During the first phase from 2001 to 2004 capture 
and fission data for a large number of isotopes have 
been taken. Capture measurements with the C6D6 
detectors concerned 24,25,26Mg, 56Fe, 90,91,92,93,94,96Zr, 
 
 
 
FIGURE 3.  A schematic view of a reaction chamber, here 
equipped with two MicroMegas detectors. 
 
139La, 151Sm, 186,187,188Os, 197Au, 204,206,207,208Pb, 209Bi, 
and 232Th. The BaF2 4π calorimeter has been used for 
measurements of 197Au, 233U, 234U, and 237Np, 240Pu, 
and 243Am. The fission cross sections measured with 
the FIC-0 detector were the isotopes 232Th, 234U, 235U, 
236U, 238U, and 237Np, while the isotopes 233U, 235U, 
238Um 241Am, 243Am, and 245Cm were measured in the 
ISO-2919 compliant FIC-1 detector. With the fission 
detectors based on Parallel Plate Avalanche Counters 
(PPACs) cross sections of natPb, 209Bi, 232Th, 237Np, 
233U, 234U, 235U, 238U have been measured. The 550
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analysis of most of these measurements is completed 
and the results have been published. The most up-to-
date list of publications can be found on the n_TOF 
web site [19]. 
For the second phase a list of possible 
measurements has been established of which several 
have already been translated in accepted proposals and 
are ongoing. After a period of commissioning 
measurements in 2009, a program of capture 
measurements on the stable isotopes of Fe and Ni has 
been started and is at present ongoing. The primary 
interest for these nuclei is for stellar nucleo-synthesis 
but also as structure materials for nuclear technology. 
In addition, and as part of a contract within the 7th 
European Framework programme, capture 
measurements on 241Am are currently ongoing and 
capture measurements on 238U are foreseen in the 
nearby future.  Fission cross sections measurements 
are foreseen for 240Pu and 242Pu and also the 
measurement of the angular distribution of fission 
fragments of 232Th. A main challenge remains the 
measurement of capture in presence of fission.. In this 
respect, a first development of a fission tagging 
detector based on a MicroMegas detector in 
combination with the 4π BaF2 total absorption 
calorimeter has been set up for a measurement. 
Finally, we intend to develop an alpha particle detector 
for a measurement of the  33S(n,) cross section. This 
pilot experiment is planned as an extension of the 
fission and capture experiments that have been 
performed up to now. 
CONCLUDING REMARKS 
The n_TOF facility at CERN is operational again 
since the end of 2008 after an upgrade of the lead 
spallation target and the associated cooling and 
ventilation system. The experimental area has been 
modified in order to comply with radioprotection and 
safety regulations, which is called work sector of type 
A at CERN. This crucial modification opens the way 
for measurements on radioactive targets exploiting 
fully the strength of the facility. 
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